Functional diversity loss among pollinators has rapidly progressed across the globe and is expected to influence plant-pollinator interactions in natural communities. Although recent findings suggest that the disappearance of a certain pollinator functional group may cause niche expansions and/or shifts in other groups, no study has examined this prediction in natural communities with high plant and pollinator diversities. By comparing coastal pollination networks on continental and oceanic islands, we examined how community-level flower visit patterns are influenced by the relative biomass of long-tongued pollinators (RBLP). We found that RBLP significantly correlated with pollinator functional diversity and was lower in oceanic than in continental islands. Pollinator niches shifted with decreasing RBLP, such that diverse species with various proboscis lengths, especially shorttongued species, increasingly visited long-tubed flowers. However, we found no conspicuous negative impacts of low RBLP and the consequent niche shifts on pollinator visit frequencies to flowers in oceanic island communities. Notably, fruit set significantly decreased as RBLP decreased in a study plant species. These results suggest that niche shifts by other functional groups can generally compensate for a decline in long-tongued pollinators in natural communities, but there may be negative impacts on plant reproduction.
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Introduction
Functional diversity loss due to declines in species diversity can degrade ecosystem functions [1] [2] [3] . Such effects have been reported for various taxonomic groups in the past decade (e.g. plants [4] , insects [5] , birds, and mammals [6] ) and have become a central issue of basic and applied ecology [7] [8] [9] . Functional diversity loss in pollinators, which are crucial to maintaining wild plant diversity and crop production, has progressed rapidly across the globe [10, 11] . The loss of a given pollinator functional group may impede reproduction of the wild and cultivated plants that depend on the pollinator group, although empirical studies are limited (e.g. [12] [13] [14] [15] [16] ).
Many studies have implicitly assumed that the functional role of a given pollinator group is static, given that pollinators consistently visit the same flowers [17] . However, recent empirical work has demonstrated that plant-pollinator interactions can change dynamically, depending on the pollinator composition within a community [18] [19] [20] [21] [22] [23] . Specifically, a floral niche used by a lost pollinator functional group (or species) can potentially be filled through niche changes in other functional groups [19, 20] . Moreover, competition among groups might be relaxed by group diversity loss: certain pollinators exhibit larger niche expansions and/or shifts in communities consisting of a single pollinator functional group than in those consisting of multiple groups [19, 20] . Hence, functional complementarity in floral niches may decrease as pollinator functional diversity declines [20] .
These results lead to two important predictions that have received little research attention to date. First, the loss of a particular pollinator functional group may not immediately reduce visitors to the flowers pollinated by the & 2017 The Author(s) Published by the Royal Society. All rights reserved. lost group, owing to buffering by niche expansions and/or shifts in other groups (figure 1). Second, such niche shifts in the remaining functional groups may indirectly reduce the number of pollinators visiting flowers not associated with the lost group, potentially leading to pollinator limitation [20, 24] . However, altered niches in remaining groups may not always fully compensate for the lost pollination function [16, 19, 20] .
In recent decades, pollinators with a long proboscis (longtongued pollinators) such as bumblebees and butterflies have declined drastically worldwide [25] [26] [27] [28] [29] [30] , likely resulting in a functional diversity loss in the pollinator guild. Owing to the usually intimate associations between long-tongued pollinators and flowers with specialized floral organs, such as long corolla tube and spur ( [31, 32] ; figure 1), declines in long-tongued pollinators can lead to such plants becoming pollinator-limited [16, 19, 20, 33] . However, few studies of natural ecosystems have investigated the impacts of long-tongued pollinator declines and the resulting niche changes on a whole flower community (but see Brosi & Briggs [17] and Kadoya & Ishii [22] ).
Indirect impacts of pollinator loss on the floral community have been examined in experimental communities or simple natural communities [17, 19, 20, 22, 23] , but these studies may not capture the full scale of changes in complex natural communities with many other pollinator groups that can respond to the reduced abundance of long-tongued species (figure 1). Ideally, these effects would be examined by experimental removal of long-tongued species in a natural ecosystem, but removing multiple native species from a pristine habitat throughout the year is both technically difficult and ethically problematic (e.g. Brosi & Briggs [17] and Kadoya & Ishii [22] removed a single Bombus species at each study site).
One approach to overcome this limitation is to take advantage of natural experiments by comparing similar communities with different pollinator compositions. In this study, we examined the effects of long-tongued pollinator declines on plant -pollinator communities by comparing continental and oceanic islands (figure 2). Generally, oceanic islands lack larger pollinators with a long proboscis compared with continents and continental islands ( [34 -37] ; this study). Comparing different locations also allowed us to examine temporal variation in long-tongued pollinator abundance, as most pollinator species are seasonally active [38] .
In coastal sand dune communities on one continental and five oceanic islands in Japan, we investigated the link between relative abundances of all long-tongued pollinators, including bumblebees and swallowtail butterflies, which are scarce on oceanic islands [37] (figure 2), and community-level flower visit patterns. We tested the effect of long-tongued pollinator abundances on pollination in the same plant species because coastal sand dune vegetation includes similar species across the study region, perhaps due to the prevalence of sea-drifted (long-distance dispersed) plants [39] [40] [41] and harsh environmental conditions including high salinity and frequent disturbance [42] . Examining niche changes with and without increased niche breadth, that is, niche expansion and shift, respectively (figure 1), we asked the following questions. Are low abundances of long-tongued species associated with niche changes in medium-and short-tongued species in natural communities? How are plant communities influenced by the relative abundance of long-tongued species in terms of visit frequency and fruiting success across the whole plant community?
Material and methods (a) Study islands, sites, and plots
We conducted flower-pollinator surveys in 2013 and 2014 at three coastal sites (Hitachi, Hitachinaka, and Tateyama) on Honshu Island (the largest continental island of Japan, hereafter the main island) and at a single site on each of five oceanic (volcanic) islands in the Izu Island group (Oshima, Niijima, Kozu, Miyake, and Hachijo) in the Kanto District (figure 2). Climatic information for the eight study sites is summarized in the electronic supplementary material, table S1.
Bumblebees are absent in Niijima, Kozu, Miyake, and Hachijo [37] . Some plant species that are pollinated by bumblebees on the main island are pollinated by small bees, Amegilla bees, or lepidopterans on these oceanic islands [37] .
At each site, we established an 850 m Â 3 m (2 550 m 2 ) belt plot on coastal sand dune vegetation. The plots on the main and oceanic island sites shared similar dominant insect-pollinated plant species, such as Calystegia soldanella, Vitex rotundifolia, Lysimachia mauritiana, Melanthera prostrata, Oxalis corniculata, Ampelopsis glandulosa, Glehnia littoralis, and Chrysanthemum pacificum.
(b) Flower and pollinator survey
Five seasonal surveys were conducted at each site on sunny, warm days from May to December (mid-May-early June, midJuly-early August, mid-August-early September, October, and mid-November-early December) in 2013 or 2014. During surveys, we walked along each plot and collected flower visitors who touched the stigmas and anthers (hereafter pollinators). Each survey consisted of eight such walks over 1 -2 days (six times during daytime, 08.00-16.00 and two times during night time, 18.00-24.00). Specimens were identified to species level as far as possible, and kept at the Graduate School of Human Development and Environment, Kobe University; unidentified individuals were sorted into morphospecies. In each survey, we also counted flower numbers of all flowering species at each site. We constructed a plant-pollinator network separately for each site and survey, 
(c) Functional grouping of pollinators and flowers
Functional groupings of pollinators and flowers were based on proboscis and corolla tube lengths, respectively, because morphological matching between these traits can shape interactions in plant-pollinator networks [32, 43] . Proboscis and corolla tube length were measured in millimetres. In this study, corolla tubelike structures, such as the fused tepals (including both the petals and sepals) in monocots, were measured as corolla tubes. At each site, we measured five (or all if there were less than five) individuals (pollinators) or five flowers ( plants) per species using digital calipers. In the same pollinator specimens, we also measured dry body mass. For each species at each site, we calculated mean proboscis length and body mass or corolla tube length (electronic supplementary material, tables S2 and S3). We also used several flower parameters to calculate the visual (attraction) size (mm 2 ) of each sampled flower, following Dafni [44] and Hegland & Totland [45] (electronic supplementary material, table S3). Each species' flower abundance was then calculated as the total visual size of flowers (the mean visual size multiplied by the number of flowers) for each site and survey.
We categorized pollinators into three groups based on proboscis length for each site: short-tongued (less than 4.5 mm), medium-tongued (4.5-9 mm), and long-tongued (more than 9 mm), mirroring previous categorizations based on taxonomic groups [46, 47] . For example, Lasioglossum, Ceratina, small dipterans, and beetles were categorized as short-tongued pollinators, whereas Apis, Megachile, and large dipterans were medium-tongued, and Bombus, Amegilla, and lepidopterans were long-tongued (electronic supplementary material, table S2 and figure S1a). Similarly, flowers were categorized into three groups based on corolla tube length for each site: open and short-tubed (less than 4.5 mm), mediumtubed (4.5-9 mm), and long-tubed (more than 9 mm; electronic supplementary material, table S3 and figure S1b). Intersite differences in the categorized group were found in only five of 211 pollinator species and six of 80 plant species, and the group category differed from the primary category in one or two sites in these species (electronic supplementary material, tables S2-S4).
Given the overall low intersite differences, most species were categorized in a single group.
(d) Relative biomass of long-tongued pollinators and functional diversity of pollinators
Biomass measures were calculated for each site and survey. Total biomass of each pollinator species per survey was calculated as the site mean body mass multiplied by the number of individuals observed in the survey. The relative biomass of long-tongued pollinators (RBLP) was calculated as the total biomass of longtongued pollinators divided by the total biomass of all pollinators. We used this metric to evaluate the competitive strength of longtongued pollinators relative to other pollinator groups, assuming that larger pollinators require more floral resources than smaller ones and resource consumption is correlated with body mass [48] . Note that RBLP was highly correlated with the relative abundance of long-tongued pollinators (across each site and survey, Pearson's correlation coefficient:
We estimated functional diversity (FD) of pollinators for each site and survey using Rao's quadratic entropy [49] , which was calculated as
where p i and p j are the relative abundances of pollinator species i and j, respectively, n is the total pollinator richness for each site and survey, and d ij is the absolute value of the difference in proboscis length between the two respective species. We compared RBLP and FD between main and oceanic island sites using a linear mixed model (LMM), in which RBLP or FD was the response variable and island type (main or oceanic) was the explanatory variable. Site and survey identities were fitted as independent random terms to account for repeated surveys per site. conducted an analysis at the functional group level using a multinomial logit mixed model with selection probabilities of flower groups by each pollinator group as the response variable, offset by the flower abundance of each flower group. The explanatory variable was RBLP, and site and survey identities were fitted as independent random terms. The three pollinator groups were analysed separately. In each model, the short-tubed flower group was used as the baseline because it was dominant in our study sites. We analysed these and the following multinomial logit mixed models using the statistical software WINBUGS v. 1.4.3 [50] . We then examined the association between RBLP and functional niche position and breadth of each pollinator species. For each pollinator, we calculated the individual-weighted mean and the unbiased coefficient of variation (CV) of corolla tube lengths visited by the species (cf. [51] ). The individual-weighted mean corresponds to the functional niche according to Ibanez et al. [52] ; we used mean tube length and CV to indicate the floral functional niche position and breadth, respectively, of each pollinator species. The response curves of tube length mean and CV in relation to RBLP and pollinator proboscis length were modelled using a generalized additive mixed model (GAMM, with Gaussian errors and identity link). All variables other than RBLP were log-transformed in analyses to reduce overdispersion. The corolla tube length (logtransformed) means or CVs of all plant species for each site and survey were included as covariates and site and survey identities as independent random effects. Pollinator order, family, and species were also fitted as nested random effects to account for phylogenetic constraints on ecological function. All analyses excluded data from pollinators with insufficient sample sizes (less than seven observed individuals in one survey). We conducted this and the following GAMM analyses using R statistical software [53] , and thin plate splines were estimated using the default generalized cross validation method.
(f ) Pollinator composition and visit frequency on flowers in relation to relative biomass of long-tongued pollinators
We examined the effects of RBLP on pollinator composition at the levels of flower functional group and species. First, we examined the ratio (relative visit frequency) of each pollinator functional group on each flower group for each site and each survey in relation to RBLP using a multinomial logit mixed model. Site and survey identities were fitted as independent random terms and the three flower groups were examined separately. The short-tongued pollinator group was used as the baseline in these models because it was dominant in our study sites. Next, we modelled the response curves of visit frequency per unit visual size (the number of visits/100 cm 2 ) to each plant species in relation to RBLP and corolla tube lengths (logtransformed) using a GAMM (Poisson errors and log link) with total visual size of each flower species as an offset. The total number of pollinators and the total flower abundance (logtransformed) of all plant species for each site and survey were included as covariates and site and survey identities as independent random effects. As in the pollinator analyses, we also fitted plant order, family, and species identities as nested random effects to account for phylogenetic constraints.
Further, we examined how RBLP affected the frequency and species composition of visitors to six dominant plant species (long-tubed: C. soldanella and V. rotundifolia; medium-tubed: L. mauritiana and M. prostrata; short-tubed: O. corniculata and A. glandulosa). These species occurred at more than six of the study sites and experienced a large variation in RBLP. Note that medium-tubed L. mauritiana and M. prostrata were categorized as short-tubed and long-tubed V. rotundifolia as medium-tubed in one to two sites (electronic supplementary material, table S4).
Pollinator visit frequency (negative binomial errors and log link) and mean proboscis length (Gaussian errors and identity link) were investigated in generalized linear mixed models (GLMM), with RBLP as the explanatory variable and site and survey identities fitted as independent random effects. Because C. soldanella flowered only in the first survey, we examined this species using GLM.
(g) Effect of relative biomass of long-tongued pollinators on fruit set in three dominant plant species
We evaluated the effect of RBLP and mean pollinator proboscis length on reproductive success by comparing fruit set in three dominant plant species, C. soldanella, V. rotundifolia, and L. mauritiana. In 2014, we marked flowers (or inflorescences) and counted the number of flowers-C. soldanella, 126 flowers; V. rotundifolia, 20 inflorescences (average 26.9 flowers per inflorescence); and L. mauritiana, 15 inflorescences (average 16.3 flowers per inflorescence)-per site at seven sites (three continental and four oceanic sites), except Oshima, where the site was damaged by a landslide that followed a large typhoon. Approximately one month after anthesis, we assessed the fruit set (C. soldanella, 7 -66 flowers (greater than or equal to 36 in six sites); V. rotundifolia, 14 -19 inflorescences; L. mauritiana, 5-13 inflorescences (greater than or equal to eight in six sites)). Many marked flowers and inflorescences were accidentally lost due to disturbances in the fields. For each species, we examined the fruit set of individual flowers in relation to RBLP or the mean pollinator proboscis length using GLMMs (binomial errors and logit link). The visit frequency for each species, site, and survey was included as the covariate, whereas inflorescence (for species with inflorescences), site, and survey identities were the independent random effects. We conducted all LMM, GLM and GLMM analyses using R [53] .
Results
Overall, we observed 6 257 interactions between 211 pollinator and 80 plant species during five seasonal surveys at eight study sites. Bees were the dominant pollinators (46.2%), followed by lepidopterans (16.5%) and dipterans other than syrphid flies (10.5%) (electronic supplementary material, table S1). Most individual pollinators (79.0%) on oceanic islands belonged to species also found on the main island, although approximately half of pollinator species on oceanic islands were not found on the main island (electronic supplementary material, table S5). This indicates that pollinator communities on oceanic islands were mainly composed of species widely distributed in the study area. In each survey, RBLP was strongly positively correlated with FD (Pearson's correlation coefficient: r ¼ 0.71, t ¼ 6.2, d.f. ¼ 38, p , 0.001; electronic supplementary material, figure S2 ). Both indices of long-tongued pollinators' ecological importance were significantly lower at oceanic than continental island sites (RBLP, p ¼ 0.001; FD, p ¼ 0.029) and varied seasonally within each site (figure 2). table S6 ). Medium-tongued pollinators had a constant selection probability of medium-tubed flowers relative to short-tubed ones within the range of RBLP, whereas the short-tongued pollinator group increased the selection probability of medium-tubed flowers (up to 0.3 from 0.1) relative to short-tubed flowers as RBLP decreased (figure 3a and electronic supplementary material, table S6). In longtongued pollinators, the selection probability of each flower group did not vary significantly within the range of RBLP (figure 3a and electronic supplementary material, table S6). Short-, medium-, and long-tongued pollinator groups increased selection of short-, medium-, and long-tubed flower groups, respectively (figure 3a). The functional niche of each pollinator species (mean tube length of visited flowers) was significantly influenced by both RBLP and proboscis length (GAMM, F ¼ 2.428, p ¼ 0.015; figure 4 ). Generally, pollinators with a longer proboscis visited flowers with longer tubes (figure 4). As RBLP decreased, pollinators increased visits to flowers with longer tubes; pollinators with a proboscis of 1.5-3.0 mm exhibited the most drastic functional niche position changes (figure 4). Conversely, pollinator niche breadth (unbiased CV of corolla tube lengths) did not change significantly within the range of RBLP and proboscis length (GAMM, F ¼ 0.640, p ¼ 0.529).
(b) Pollinator composition and visit frequency on flowers in relation to relative biomass of longtongued pollinators
As RBLP decreased, all flower groups received significantly fewer visits by long-tongued pollinators relative to shorttongued pollinators, with the most conspicuous trend (more than 0.9 decrease in the ratio of long-tongued pollinators) in long-tubed flowers (figure 3b and electronic supplementary material, table S6). At higher RBLP, long-and medium-tubed flower groups were more frequently visited by long-tongued pollinators, whereas open and short-tubed flower groups received more visits by short-tongued pollinators (figure 3b).
In short-and medium-tubed flowers, the relative frequency of medium-tongued to short-tongued pollinator visits was not influenced by RBLP, whereas it significantly decreased as RBLP decreased in long-tubed flowers (figure 3b and electronic supplementary material, table S6). Accounting for total flower display area, plants with open flowers received significantly more visits than medium-and long-tubed species at higher and lower RBLP, respectively (GAMM, 
Among the six dominant flower species, decreasing RBLP decreased visit frequency only in the long-tubed V. rotundifolia; the other five species showed no significant trends in visit frequency with decreasing RBLP (electronic supplementary material, figure S5 and table S7 ). By contrast, RBLP was significantly and positively associated with mean proboscis length of pollinators in C. soldanella, M. prostrata, and O. corniculata, but the association was significantly negative in A. glandulosa (electronic supplementary material, figure S5 and table S7). In two short-tubed species, this effect was relatively small (less than 2 mm change) (electronic supplementary material, figure S5 ).
(c) Effect of relative biomass of long-tongued pollinators on fruit set in three dominant plant species
Fruit set significantly increased with both RBLP and mean proboscis length of their pollinators in C. soldanella (electronic supplementary material, figure S6 and table S8). In L. mauritiana, fruit set significantly decreased with RBLP and significantly increased with mean pollinator proboscis length, although the degree of the change was not large (electronic supplementary material, figure S6 and 
Discussion
Our results revealed that in natural communities, diverse species with various proboscis lengths increasingly visited long-tubed flowers as the biomass of long-tongued pollinators decreased. Despite this change, decreased dominance of long-tongued pollinators and consequent niche shifts of the remaining pollinators had few conspicuous negative impacts on visit frequencies within oceanic island communities, except in the long-tubed V. rotundifolia. Increased visitations by short-tongued pollinators under low RBLP conditions significantly decreased fruit set in the long-tubed C. soldanella, although fruit set in V. rotundifolia and L. mauritiana did not decrease as RBLP decreased. Together, these findings suggest that the loss of long-tongued pollinators may not have immediate, strong negative impacts on natural plant communities, especially in terms of pollinator visit frequency, as niche shifts by diverse species from other functional groups compensate for the lack of visits by the lost group. However, the increased mismatch between pollinator and flower traits due to the loss of long-tongued pollinators might diminish reproductive success in some long-tubed flowers. Across our study sites, pollinators generally preferred flowers with floral tubes that matched their proboscis (figures 3a, 4, and 5), in agreement with previous studies that suggested morphological matching between proboscis length and nectar holder depth in a Mediterranean pollination community [43] and a South American flower-hawkmoth community [54] , and floral niche partitioning between short-and long-tongued bumblebees [18, 55] . In high RBLP conditions, each pollinator functional group had two marked peaks in visit rate relative to corolla tube length that showed limited overlap with the peaks of other groups ( figure 5 ). This suggests that in natural communities with high pollinator functional diversity, resource competition within and among functional groups might lead to floral niche partitioning, resulting in high complementarity among functional floral niches.
As RBLP decreased, all pollinators preferred longer-tubed flowers (figures 4 and 5b-d), although the long-tongued group preference was unchanged in the functional group-level analysis ( figure 3a) . The increased preference of longtongued pollinators was likely due to reduced competition within functional groups for the resources provided by longtubed flowers. In higher RBLP conditions, such competition might increase long-tongued species visits to medium-tubed flowers, whereas low RBLP would relax competition with short-and medium-tongued pollinators, increasing their preference for long-tubed flowers. These results agree with those of previous experimental studies [17, 19, 20] , strongly suggesting that long-tongued pollinator declines can change the flower preferences of the remaining pollinators by relaxing within-and between-functional group competition.
Interestingly, species with proboscis lengths of ca 1.5-3.0 mm (mainly solitary bees and syrphid flies) markedly increased their visits to longer-tubed flowers. These pollinators may obtain nectar from long-tubed flowers by crawling into the corolla tube (electronic supplementary material, figure S7a,d). They may also visit flowers to collect or eat pollen, which is often found at the tube mouth [56] . The proboscis and tube lengths did not vary within the RBLP gradient in most of the pollinator and plant species (electronic supplementary information), suggesting that observed niche shifts in short-tongued pollinators are generally explained by the ecological context. On the Izu Islands, however, several originally bumblebee-pollinated species have evolved flowers adapted to small bees [37, 57] , perhaps driven by niche shifts in short-tongued pollinators. Some pollinator and plant species exhibited significant changes in their traits within the RBLP gradient (electronic supplementary material, figures S3 and S4). Crinum asiaticum and Campanula microdonta had shorter tubes, suggesting an adaptation to the lack of long-tongued pollinators, although the harsher oceanic habitat could have induced a phenotypic response.
Short-tongued pollinators reduced their preference for short-tubed flowers as RBLP decreased, and short-and medium-tongued groups showed two and three peaks in visit rate relative to corolla tube length, respectively, with little overlap both between and within groups (figure 5b,c). These results provide further support to our conclusion that resource competition promoted floral niche partitioning between the two groups, although both short-and medium-tongued pollinators expanded their floral niches at the functional group level when long-tongued pollinators declined.
The species-level analyses generally matched the functional group results: short-and medium-tongued pollinators shifted their niche towards flowers with longer tubes as RBLP decreased, although species-level niche expansions were not observed (figures 3a and 4). Most pollinator species are potentially generalists [58, 59] , but under interspecific competition, niche partitioning can drive them to specialize on flowers with a certain range of tube lengths (cf. [18] ). Although a low density of long-tongued species relaxed competition for longtubed flowers, in natural communities with high pollinator rspb.royalsocietypublishing.org Proc. R. Soc. B 284: 20162218 richness, among-species competition may nonetheless have promoted high niche partitioning and thus limited the niche width of each species. By contrast, on oceanic islands with low species richness, pollinators presumably expand their floral niches in terms of the number of interaction partners [60] [61] [62] . This discrepancy may be due to our focus on functional diversity rather than species richness. Indeed, preliminary work at our study sites points towards low pollinator richness promoting floral niche expansions (interactions with more plant species; A Ushimaru & MK Hiraiwa 2016, unpublished data).
In long-and medium-tubed flowers, except V. rotundifolia, visit frequency did not change substantially with decreasing RBLP on oceanic islands, despite these plants being visited by long-tongued pollinators on the continental island ( figure 5  and electronic supplementary material, figure S5 ). Visits to short-tubed flowers did not decrease in low RBLP conditions either. These results suggested that pollinators' niche shifts might buffer the impacts of decreased long-tongued pollinator density on plant communities in terms of pollinator visit frequency. However, in the long-tubed, self-incompatible C. soldanella [63] , fruit set significantly decreased as RBLP and visiting pollinator mean proboscis length decreased. Thus, the lack of long-tongued pollinators could diminish reproductive success in outcrossing plants with long corolla tubes. Meanwhile, lower RBLP did not influence fruit set in self-incompatible V. rotundifolia [64] . Interestingly, fruit set in L. mauritiana (unknown mating system) increased with decreasing RBLP, probably because of the increased visits by longer-tongued pollinators on oceanic islands (electronic supplementary material, figures S5 and S6). In this species, the corolla tube length tended to increase as RBLP decreased (electronic supplementary material, figure S4 ), suggesting that unexpected consequences of the loss of long-tongued pollinators may have occurred in both ecological and evolutionary timescales. Thus, the impacts of long-tongued pollinator loss varied among plant species, leading to the recommendation of further detailed community-level studies.
Commonly, the robustness of plant-pollinator networks is estimated based on the implicit assumption that each pollinator has a static functional role [17] . In this paradigm, redundancy within each functional group is considered important for community stability [65] [66] [67] . However, this study and previous studies [17, 19, 20] suggest that compensation by other functional groups can occur in terms of flower visit frequency. If pollinators' functional roles are in fact dynamic, therefore, the impact of functional diversity loss among pollinators on plant community persistence may be lower than previously thought. However, it remains largely unknown whether 'functional' compensation for each plant species via niche shifts in other functional groups is complete, or whether pollination by morphologically mismatched pollinators causes declines in plant reproductive success [16] . Pollen transfer efficiency, fruit set, and pollinator visit patterns should be studied in relation to RBLP in diverse natural communities to ensure that compensatory niche shifts are able to preserve whole communities not only immediately but also over an evolutionary timescale.
